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Description
BACKGROUND

[0001] The present embodiments related to elasticity
imaging. In particular, the present embodiments relate
to motion correction in elasticity imaging.

[0002] U.S. Patent Nos 5,107,837, 5,293,870,
5,178,147 and 6,508,768 describe methods to generate
elasticity images using the relative tissue displacement
between adjacent frames. Strain, strain rate, modulus,
or other parameters corresponding to tissue displace-
ment are detected for generating an elasticity image. U.S.
Pat.No. 6,558,324 describes methods to represent elas-
ticity using colour coding. Other forms of elasticity imag-
ing include shear and longitudinal wave imaging. Acous-
tic radiation force imaging also indicates the elasticity of
tissue. W0O2012/080895 discloses an ultrasound system
that performs measurements of tissue stiffness or elas-
ticity using shear waves. US2013/028536 discloses
methods for reducing motion artefacts in shear wave im-
ages. US2012/203108 discloses an ultrasonic diagnostic
apparatus. In order to take displacement other than by
pressing on the patient into account a displacement
baseline is estimated from the cumulative displacements
at all obtained frames

[0003] Elasticity imaging relies on differences in com-
pression or tissue response over time to stress. Tissue
deformation parameters, such as longitudinal and shear
strain, or shear wave propagation parameters are sec-
ondary order estimates from phase of displacement in-
formation. Given a period over which data is collected,
the elasticity imaging is susceptible to motion artefacts.
Itis a challenge to avoid displacement from sources other
than the compression or stress for measuring elasticity.
The patient may move, the transducer probe may move,
and anatomy may move. The resultis low quality, biased,
low repeatability elasticity imaging.

[0004] For two-dimensional elasticity imaging, motion
correction is applied to frames of echo data prior to elas-
ticity estimation. The motion correction may remove
some undesired distortions, but does not deal with out-
of-plane motion.

BRIEF SUMMARY

[0005] By way of introduction, methods, instructions
and systems for elasticity ultrasound imaging are de-
scribed. Three-dimensional elasticity imaging is provid-
ed. Motion in three-dimensions due to sources other than
the stress or compression for elasticity imaging is found
from anatomical information. Objects less likely to be
subject to the stress for elasticity imaging and/or likely to
be subject to undesired motion are used to find the un-
desired motion. This anatomical motion is accounted for
in estimating the elasticity, such as removing the motion
from echo data used to estimate elasticity or subtracting
out the motion from motion generated as part of estimat-
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ing elasticity.

[0006] In afirst aspect, a method according to claim 1
is provided for elasticity ultrasound imaging.

[0007] In a second aspect, a non-transitory computer
readable storage medium has stored therein data repre-
senting instructions executable by a programmed proc-
essor according to claim 15 for elasticity ultrasound im-
aging is provided.

[0008] In a third aspect, a method according to claim
is provided for elasticity ultrasound imaging.

[0009] The presentinventionis defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. Further aspects and advan-
tages of the invention are discussed below in conjunction
with the preferred embodiments and may be later claimed
independently or in combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components and the figures are not nec-
essarily to scale, emphasis instead being placed upon
illustrating the principles of the invention. Moreover, in
the figures, like reference numerals designate corre-
sponding parts throughout the different views.

Figure 1 is a flow chart diagram of one embodiment
of a method for elasticity ultrasound imaging;
Figure 2 is a graph showing two example displace-
ment profiles as a function of time; and

Figure 3 is a block diagram of one embodiment of a
system for elasticity ultrasound imaging.

DETAILED DESCRIPTION OF THE DRAWINGS AND
PRESENTLY PREFERRED EMBODIMENTS

[0011] Multiple volumes of echo data are acquired sep-
arately. The volumes represent a three-dimensional re-
gion of the patient while changing due to stress. The
stress may be from an anatomical source, acoustic radi-
ation force, or the transducer probe. Each voxel of the
volumes is classified as an anatomical landmark or not
an anatomical landmark. Landmark voxels are grouped,
and the resulting anatomical information is tracked for
motion to represent the undesired motion. The landmark
motion is applied to the non-landmark voxels. In one ap-
proach, the landmark motion of the voxels is used to sup-
press motion caused by reverberation, scattering, or oth-
er undesired motion in the echo data, and elasticity for
the different voxels is estimated from the motion correct-
ed data. In another approach, motion for each of multiple
voxels is estimated as part of elasticity calculation, and
the anatomical motion is subtracted from the estimated
motions for the voxels.

[0012] Figure 1 shows a method for elasticity ultra-
sound imaging. In particular, three-dimensional elasticity
imaging is performed by an ultrasound system. The re-
sponse of tissue to compression or acoustic radiation
force is measured. A processor removes or reduces mo-
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tion other than caused by the stress (e.g., caused by
compression or a wave resulting from the acoustic radi-
ation force). The motion being removed is based on an-
atomic information representing structure less suscepti-
ble to the stress. The result is elasticity estimation with
less undesired motion. The motion used for elasticity im-
aging has fewer motion artifacts. Since the elasticity im-
aging is performed for three-dimensions, the motion is
not susceptible to out-of-plane errors in motion estima-
tion.

[0013] Additional, different or fewer acts may be pro-
vided in the method of Figure 1. For example, one, both,
or none of acts 40 and 42 are performed. As another
example, the display act 44 is optional. The acts are per-
formed in the order described or shown, but other orders
may be provided.

[0014] In act 30, echo data is acquired sequentially for
a volume of tissue subjected to different amounts of
stress at different times. The echo data is acquired for a
three-dimensional region. Frames or sets of data repre-
sent the same volume at different times. Any sampling
of the volume may be used, such as a sector, Vector®,
or linear sampling in three-dimensions. Scan lines re-
sponsive to a given transmission may be distributed in
both azimuth and elevation. The scan pattern may se-
quentially cover scan lines distributed in azimuth and el-
evation. Alternatively, sequential scanning along planes
separated in elevation is used to assemble data repre-
senting the volume.

[0015] The data is maintained in an acquisition format
or converted (e.g., interpolated) to a regular three-dimen-
sional grid. The data represents locations distributed
along three axes, such as locations NxMxO where N, M,
and O are integer numbers of locations along different
axes and are each greater than one. The data for a lo-
cationis a voxel. The volume of the patientis represented
by frames or sets of voxels.

[0016] The acquired data represents the volume at dif-
ferenttimes. The scans to acquire the data are performed
over different periods. Different amounts of stress are
applied at the different periods. For example, the trans-
ducer probe is pressed against the patient by different
amounts. As another example, a longitudinal or shear
wave is generated with acoustic force radiation, a thump-
er, anatomy (e.g., heart or diaphragm), or other source.
The wave passing through locations in the volume caus-
es a variance in stress over time. Sets or frames of data
are acquired over the periods or for times corresponding
to the acquisition periods, but within a tissue response
period. The tissue responds to the change in stress. The
scanning is performed to acquire data representing the
volume at different times while the tissue responds to the
change. In alternative embodiments, the stress is repet-
itively applied, and frames are acquired at different
amounts of time relative to the initiation of the stress.
[0017] In one embodiment, acoustic radiation force is
used. An acoustic excitation is transmitted into a patient.
The acoustic excitation acts as an impulse excitation for

10

15

20

25

30

35

40

45

50

55

causing displacement. For example, a 400 cycle transmit
waveform with power or peak amplitude levels similar or
lower than B-mode transmissions for imaging tissue is
transmitted as an acoustic beam. In one embodiment,
the transmission is a shear wave generating sequence
applied to the field of view. Any acoustic radiation force
impulse (ARFI) or shear wave imaging sequence may
be used.

[0018] The transmission is configured by power, am-
plitude, timing, or other characteristic to cause stress on
tissue sufficient to displace the tissue at one or more
locations. For example, a transmit focus of the beam is
positioned near a bottom, center of the field of view or
region of interest (ROI) to cause displacement through-
out the field of view. The transmission may be repeated
for different sub-regions or ROIs.

[0019] The excitation is transmitted from an ultrasound
transducer. The excitation is acoustic energy. The acous-
tic energy is focused, resulting in a three-dimensional
beam profile. The excitation is focused using a phased
array and/or mechanical focus. The excitation is trans-
mitted into tissue of a patient.

[0020] Theimpulse excitation generates a longitudinal
or shear wave at a spatial location. Where the excitation
is sufficiently strong, a wave is generated. The shear
wave propagates through tissue more slowly than the
longitudinal wave propagates along the acoustic wave
emission direction, so the type of wave may be distin-
guished by timing and/or direction. The difference in tim-
ing is used to isolate the shear wave from a longitudinal
wave or vice versa. The wave propagates various direc-
tions, such as a direction perpendicular to the direction
of the applied stress. The displacement of the wave is
greater at locations closer to the focal location at which
the wave is generated. As the wave travels, the magni-
tude of the wave attenuates.

[0021] Inanotherembodiment, auserapplies pressure
axially while maintaining a transducer at a location. Ul-
trasound scanning is performed while applying different
amounts of pressure with the transducer against the pa-
tient. In yet other embodiments, the stress caused by
anatomy is used, such as heart motion.

[0022] Regardless of the form of stress, the echo data
is acquired at different times to determine the displace-
ment of the tissue in response to the change in stress.
An ultrasound system scans the three-dimensional re-
gion of the patient while the region is subjected to the
change in tissue deformation caused by the variance of
stress (e.g., different pressures and/or wave).

[0023] The displacement is detected with ultrasound
scanning. Ultrasound data is obtained. At least some of
the ultrasound datais responsive to the wave or pressure.
A region, such as a region of interest, entire field of view,
or sub-region of interest, is scanned with ultrasound. For
shear and longitudinal waves, the region is monitored to
detect the wave. The echo data represents the tissue
when subjected to different amounts of pressure at dif-
ferent times. The region is any size, such as 5x5 mm in
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lateral and 10 mm in axial. For example, B-mode scans
are performed to detect tissue displacement. Doppler,
color flow, or other ultrasound mode may be used to de-
tect displacement.

[0024] For a given time, ultrasound is transmitted to
the tissue or region of interest. Any now known or later
developed displacement imaging may be used. For ex-
ample, pulses with 1-5 cycle durations are used with an
intensity of less than 720 mW/cm2. Pulses with other
intensities may be used. The scanning is performed for
any number of scan lines. For example, eight or sixteen
receive beams distributed in three-dimensions are
formed in response to each transmission. After or while
applying stress, B-mode transmissions are performed re-
petitively along a single transmit scan line and receptions
along adjacentreceive scan lines. In otherembodiments,
only a single receive beam or other numbers of receive
beams are formed in response to each transmission. Ad-
ditional transmit scan lines and corresponding receive
line or lines may be used. Any number of repetitions may
be used, such as about 120 times.

[0025] The B-mode intensity may vary due to displace-
mentofthe tissue overtime. Forthe monitored scanlines,
a sequence of data is provided representing a time profile
of tissue motion resulting from the stress. Echoes or re-
flections from the transmission are received. The echoes
are beamformed, and the beamformed data represents
one or more locations. To detect the displacement, ultra-
sound energy is transmitted to the tissue undergoing dis-
placement and reflections of the energy are received.
Any transmission and reception sequence may be used.
[0026] By performing the transmitting and receiving
multiple times, data representing the three-dimensional
region at different times is received. The transmission
and reception are performed multiple times to determine
change due to displacement caused by the change in
stress. By repetitively scanning with ultrasound, the po-
sition of tissue at different times is determined.

[0027] The acquired echo or ultrasound data is infor-
mation used to estimate stiffness of tissue, such as strain.
The data is responsive to compression force or other
stress applied to the tissue being scanned.

[0028] In act 32, an anatomical landmark of the three-
dimensionalregion is identified. The ultrasound data rep-
resenting the volume of the patient at the different times
represents at least one anatomical landmark. The vol-
ume includes soft tissue for which elasticity imaging is
being performed. The soft tissue is part of an organ (e.g.,
liver tissue), muscle, skin, fat, breast, or other tissue with
greater flexibility than bone and less fluid than blood or
liquid. The anatomical landmark may be a tumor, cyst,
or other structure in anatomy of the patient that is harder
or stiffer than soft tissue, so less susceptible to the stress.
The anatomical landmark may be tissue spaced from a
region of interest so that less or greatly attenuated stress
is applied to the tissue.

[0029] The anatomical landmark is chosen to be less
susceptible to the stress. For example, the anatomy is
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stiffer and/or subject to a greater source of motion than
the soft tissue being scanned for elasticity imaging. The
anatomy is subject more to undesired motion than the
motion caused by the stress. Any anatomy may be used,
but anatomy with a greater response to undesired motion
and/or lesser response to motion caused by the stress
may be used to remove motion artifacts from the elasticity
imaging. A specific landmark may be part of an anatomic
structure or may be the anatomic structure itself. One or
more anatomic structures may be used.

[0030] Any now known or later developed approach
for detecting anatomy from ultrasound data may be used.
For example, a processor applies edge detection, motion
detection, region growing, thresholding, a machine-
trained classifier, or image processing to locate specific
anatomy. Filtering may be used, such as directional fil-
tering applied to low pass filtered information to find a
linear diaphragm.

[0031] The identification is performed automatically by
a processor. In other embodiments, user assistance or
use identification is provided. The user may confirm a
processor identified anatomy, indicate a seed point for
the anatomy, or trace the anatomy.

[0032] The anatomicallandmarkis represented by one
or more voxels. For example, a bone or diaphragm is
represented by a plurality of different voxels. The voxels
are classified as representing the anatomy or not repre-
senting the anatomy. For example, all locations not iden-
tified as anatomy are treated as not representing the
anatomy. As another example, a classifier outputs labels
for each voxel as representing the anatomy or not.
[0033] Where more than one voxel is found to repre-
sent the anatomy, the voxels may be grouped. Different
anatomy may be grouped separately or as a single group.
The voxels classified as representing anatomy are
grouped by labeling, segmenting, or other process.
[0034] In act 34, the anatomy is tracked between dif-
ferent times. The frames of echo data representing the
volume at different times are used to track the anatomy.
The motion of the anatomical landmark or group of anat-
omy voxels are tracked through a sequence of two or
more sets of data. The displacement orchange in position
over time or between times is determined.

[0035] The tracking is in three-dimensions. A three-
dimensional displacement vector is found. The vector is
for a global motion. An average, overall, or other global
indication of the motion for the volume is found. The
grouped locations are used to find motion of the volume,
such as motion caused by the patient, the transducer,
reverberation, or scattering. The displacementis a trans-
lation and/or rotation in any number of degrees of free-
dom. The motion may be rigid or non-rigid (e.g., affine).
The global motion may account for local distortions, such
as twisting, compression, and/or stretching. In other em-
bodiments, each voxel, separate anatomy, or other sep-
arate tracking is performed for different anatomy.
[0036] Anynow known orlater developed tracking may
be used. In one embodiment, the anatomy is identified
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in each set of data. The displacement of the anatomy
between sets is determined by any translation and/or ro-
tation between sets. In other embodiments, the anatomy
is identified in one frame. The identified voxels are cor-
related with all the voxels of another frame to find the
displacement. Any correlation or other similarity measure
(e.g., sum of absolute differences) are used. Different
possible displacements are tested and the one with the
greatest similarity is selected.

[0037] The tracking provides a transform or displace-
ment field. The displacement for each voxel of the iden-
tified anatomy (e.g., grouped anatomy voxels) is repre-
sented in the field or transform. For rigid motion, the same
displacement is provided for each voxel. For non-rigid
motion, different voxels have different three-dimensional
displacement. A three-dimensional displacement vector
is provided for each of the voxels of the anatomical land-
mark or landmarks.

[0038] Inact36,the elasticity is estimated. An elasticity
value is calculated for each of different locations in the
volume. Elasticities are calculated for all the voxels or
just a sub-set of the voxels. For example, elasticity is
calculated for each of the voxels not classified as an an-
atomical landmark or just voxels in a region of interest.
The elasticity of tissue in the volume is estimated.
[0039] Elasticity or elastography are general terms that
include various types of parametric images of tissue stiff-
ness, such as strain, strain rate, modulus or relaxation,
and various methods of mechanically generating them.
Strain images show tissue relative stiffness and defor-
mation. Strain rate images display the first time derivative
of the strain. Local strain rate may indicate cardiac mus-
cle contractility from which is inferred the muscle health
and condition. Modulus images (e.g., Young’s modulus)
may be generated when the strain image or strain rate
image is normalized by and combined with stress meas-
urements. One method is to measure the pressure at the
body surface with sensors attached to the transducer.
The stress field pattern is then extrapolated internally to
the points (i.e., pixels or voxels) of measured strain.
Young’s modulus is defined as stress divided by strain.
Local modulus values may be calculated and those nu-
merical values are converted to gray scale or color values
for display. In strain (e.g., shear) imaging, local three-
dimensional displacements are measured and the nu-
merical displacement, velocity or other values are con-
verted to gray scale or color values for display. The di-
rection of strain may be mapped to color or other display
characteristic.

[0040] Strain images may be generated with manual
palpation, external vibration sources, inherent tissues
motion (e.g., motion due to cardiac pulsations, or breath-
ing) or acoustic radiation force imaging (ARFI). ARFI pro-
duces strain images or produces relaxation images. Re-
laxation images may be displayed parametrically in sim-
ilar fashion to strain and modulus images. The parametric
images are generated with four (e.g., dynamic volumet-
ric) dimensional acquisition and imaging. In one embod-
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iment, any one or more of the methods or systems dis-
closed in U.S. Patent Nos. 5,107,837, 5,293,870,
5,178,147, 6,508,768 or 6,558,324 are used to generate
elasticity frames of data or images with a three-dimen-
sional scan pattern (e.g., scan lines spaced apart in az-
imuth and elevation). Any now know or later developed
elasticity estimation may be used.

[0041] In one embodiment, the elasticity is estimated
from the displacement over time of the tissue. The dis-
placement is detected for each of multiple spatial loca-
tions. Forexample, the velocity, variance, shiftin intensity
pattern (e.g., speckle tracking), or other information is
detected from the received data as the displacement be-
tween two times. An ongoing or sequence of displace-
ments may be detected for each of the locations.
[0042] Inoneembodimentusing B-mode data, the data
from different scans is correlated as a function of time.
For each depth or spatial location, a correlation over a
plurality of depths or spatial locations (e.g., kernel of 64
depths with the center depth being the point for which
the profile is calculated) is performed. For example, a
current set of data is correlated multiple times with a ref-
erence set of data. The location of a sub-set of data cen-
tered at a given location in the reference set is identified
in the current set. Different relative translations and/or
rotations between the two data sets are performed.
[0043] The reference is a first or other set of data or
data from another scan. The reference set is from before
the stress, but may be from after the stress. The same
reference is used for the entire displacement detection,
or the reference data changes in an ongoing or moving
window.

[0044] The correlationis three-dimensional. The trans-
lation is along three axes with or without rotation about
three or fewer axes. The level of similarity or correlation
of the data at each of the different offset positions is cal-
culated. The translation and/or rotation with a greatest
correlation represents the motion vector or offset for the
time associated with the current data being compared to
the reference.

[0045] Any now known or later developed correlation
may be used, such as cross-correlation, pattern match-
ing, or minimum sum of absolute differences. Tissue
structure and/or speckle are correlated. Using Doppler
detection, a clutter filter passes information associated
with moving tissue. The velocity of the tissue is derived
from multiple echoes. The velocity is used to determine
the displacement towards or away from the transducer.
Alternatively, the relative or difference between velocities
at differentlocations may indicate strain or displacement.
[0046] Figure 2 shows two example displacement pro-
files of displacements for a voxel. The amplitude in dis-
tance of the motion vector over time from the reference
data is shown. The period of analysis is over about 8
milliseconds, but may be longer or shorter (e.g., 12 mil-
liseconds at a 4.8 kHz sample rate). Other displacement
profiles are possible. Any number of locations may be
measured for displacement, such as measuring every
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millimeter in the 10x5 mm region of interest. Displace-
ment for each location and for each sample time is meas-
ured. This displacement data represents a profile of am-
plitude as a function of time for a location. Similar profiles
are calculated for other locations.

[0047] The displacements over time and/or space are
used for calculation. In one embodiment, the displace-
ments for different depths are combined, leaving dis-
placements spaced in azimuth and elevation. For exam-
ple, the displacements for a given scan line or lateral
location are averaged over depth. Alternatively to aver-
aging, a maximum or other selection criterion is used to
determine the displacement for a given lateral location.
Displacements for only one depth may be used. Dis-
placements for different depths may be used independ-
ently.

[0048] Elasticity is estimated from the displacement
profile. In one embodiment, the peak or maximum am-
plitude in the profile is determined. Based on a distance
of the voxel from the source of the stress for wave-based
elasticity, a difference in time between application of the
stress and the peak amplitude indicates a velocity. A dif-
ference in velocity between locations is used as elasticity.
In an alternative approach, the displacement profiles
from different locations are correlated to find a delay be-
tween the locations. This phase shift may be used to
calculate the velocity between the locations associated
with the correlated profiles.

[0049] In embodiments using an external or non-fo-
cused source of pressure, a displacement between a
frame associated with stress and one without is calculat-
ed. The displacement without a temporal profile may be
used as the elasticity. Multiple displacements for a given
location due to different levels of stress may be averaged
or combined.

[0050] In other embodiments, analytic data is calculat-
ed from the displacement profile and phase shift is used
to determine the elasticity. A difference in phase over
time of the displacements of different voxels or a zero-
crossing of the phase for a given voxel indicates a veloc-
ity. The velocity may be used as the or to estimate the
elasticity.

[0051] In act 38, the displacement of the anatomy is
accounted for in the estimation of the elasticities in act
36. The elasticity values are a function of the correction
for undesired motion. The undesired motion is indicated
by the displacement or motion of the anatomy. The mo-
tion field, motion value, transform, or other indicator of
motion of the anatomic landmark is used in the estimation
of the values for elasticity to reduce motion artifacts or
other distortion caused by undesired motion (i.e., motion
other than caused by the stress for elasticity imaging).
[0052] The anatomic motion is based on voxels repre-
senting anatomy. The elasticity values are estimated for
those same voxels, other voxels (non-anatomical land-
mark soft tissue), or both. For the anatomy voxels, the
three-dimensional motion vector of the anatomy is known
from act 34. For other voxels, the anatomic motion is
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used. For a single global motion, the global motion is
applied to all of the voxels. Where a field or transform of
different motions (e.g., non-rigid) is provided for the vox-
els representing anatomy, the anatomy motion is inter-
polated, extrapolated, modeled, or otherwise determined
from the anatomy motion of the anatomy voxels for the
other voxels. For example, the motion field is fit to a model
for the relevant volume of the patient, and the model pro-
vides motion for the other, soft tissue voxels. The model
fitting may be used to determine motion for other times
as well as other locations. As another example, a nearest
neighbor or extrapolation from the nearest four, six, or
other number of neighboring anatomy voxels is used.
The undesired motion represented by anatomic motion
is expanded to the voxels not representing the anatom-
ical landmark used to determine the undesired motion.
Since the motion is a three-dimensional vector with or
without rotational components, a three-dimensional ex-
pansion (e.g., interpolation) is used.

[0053] Acts 40 and 42 indicate two approaches for ac-
counting for the anatomy displacement. One or both ap-
proaches may be used. For example, part of the unde-
sired motion (e.g., some but not all dimensions and/or
part of but not all of the amplitude of the motion is cor-
rected in one approach and the remaining in the other).
In other embodiments, a different approach or approach-
es are used.

[0054] Inact40, the displacement caused by the anat-
omy motion is suppressed in the ultrasound or echo data
prior to calculating the elasticity values and prior to cal-
culating displacements. Prior to determining the dis-
placement caused by the change in stress over time, the
anatomy motion is suppressed. One set of ultrasound
data is motion corrected relative to another set for the
voxels. The undesired aspect of the motion, as indicated
by the motion based on the anatomic landmark, is re-
moved from the echo data prior to calculating the dis-
placement of tissue for each voxel for elasticity imaging.
Voxels are offset to account for the undesired motion so
that the locations represented by the voxels are aligned
other than motion caused by the stress. For example,
reverberation or scattering effects are included in the mo-
tion tracking of the anatomy, so correction for anatomical
motion removes some of the effects of reverberation or
scattering.

[0055] Any motion correction may be used. The echo
data may be filtered with a spatial translation and/or ro-
tation operation. The inverse of the anatomy motion or
motion field is applied to adjust a later set of data to an
earlier set of data. Conversely, the motion is added to
the earlier set of data to adjust to the later set. Interpo-
lation or nearest neighbor approaches may be used to
determine echo data values in a regular grid after motion
correction. The displacements and elasticity are calcu-
lated from the motion corrected echo data.

[0056] In act42, the motion correction is a subtraction
of motion from motion estimated for the elasticity imag-
ing. For example, the displacement of a voxel over time
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is calculated (see Figure 2). The motion of a given voxel
for elasticity estimation is determined as a total motion.
This displacement over time is represented by a se-
quence of three-dimensional vectors. Similarly, a se-
quence of three-dimensional vectors representing the
motion of the anatomy over time or motion derived from
the anatomy motion (e.g., for non-anatomy voxels) is pro-
vided for the voxel. By subtracting the anatomy-based
motion from the calculated displacements for elasticity
imaging, the undesired motion information is removed
from the displacements. A three-dimensional vector sub-
traction is performed. Operations other than subtraction
may be used to remove the undesired motion from the
motion estimated for elasticity imaging. The elasticity is
then estimated from the corrected displacements.
[0057] In act44, an elasticity image is generated. After
accounting for the undesired motion, as reflected by the
displacement of the anatomy, elasticity values for differ-
ent voxels are estimated in act 36. These elasticities are
mapped to image values for displaying an elasticity im-
age. Any now known or later developed elasticity imaging
may be used. For example, a shear wave, longitudinal
wave, strain, or other image is generated. One image or
a sequence of images is generated.

[0058] Since the elasticities represent voxels or differ-
ent locations in a volume, two or three-dimensional im-
aging may be used. For two-dimensional imaging, elas-
ticity values along a user or processor defined plane are
extracted and used to generate the image. Multi-planar
reconstruction may be used. For three-dimensional im-
aging, any rendering technique may be used, such as
maximum intensity projection. Alpha blending or other
approaches may be used. The volume is rendered to a
two-dimensional display. A three-dimensional represen-
tation of the elasticity in the three-dimensional region is
generated. Animation may be added by shifting the per-
spective for the rendering, allowing the user to view the
volume from different directions. The more opaquely ren-
dered stiff regions may be better appreciated by anima-
tion of the view.

[0059] The elasticity image is displayed alone. Alter-
natively, a B-mode or other image representing the same
region or a different field of view is displayed adjacent to
the elasticity image. In another alternative embodiment,
the elasticity image is combined with or overlaid on the
B-mode image.

[0060] Figure 3 shows one embodiment of a system
10 for three-dimensional elasticity ultrasound imaging.
The system 10 implements the method of Figure 1 or
other methods. The system 10 includes a transmit beam-
former 12, a transducer 14, a receive beamformer 16, an
image processor 18, a display 20, and a memory 22.
Additional, different or fewer components may be provid-
ed. For example, a user input is provided for user inter-
action with the system.

[0061] The system 10 is a medical diagnostic ultra-
sound imaging system. The system 10 is configured to
acquire echo data distributed over three-dimensions for
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elasticity imaging of a volume (e.g., act 30 of Figure 1).
In alternative embodiments, the system 10 is a personal
computer, workstation, PACS station, or other arrange-
ment at a same location or distributed over a network for
real-time or post acquisition imaging. The system 10 ac-
quires datafrom a memory or another ultrasound imaging
system.

[0062] The transmit beamformer 12 is an ultrasound
transmitter, memory, pulser, analog circuit, digital circuit,
or combinations thereof. The transmit beamformer 12 is
operable to generate waveforms for a plurality of chan-
nels with different or relative amplitudes, delays, and/or
phasing. Upon transmission of acoustic waves from the
transducer 14 in response to the generated electrical
waveforms, one or more beams are formed. A sequence
of transmit beams are generated to scan a three-dimen-
sional region. Sector, Vector®, linear, or other scan for-
mats may be used. The same region is scanned multiple
times. For flow or Doppler imaging and for shearimaging,
a sequence of scans along the same line or lines is used.
In Doppler imaging, the sequence may include multiple
beams along a same scan line before scanning an adja-
cent scan line. For shear or longitudinal wave imaging,
scan or frame interleaving may be used (i.e., scan the
entire region before scanning again). Line or group of
line interleaving may be used. In alternative embodi-
ments, the transmit beamformer 12 generates a plane
wave or diverging wave for more rapid scanning.
[0063] The same transmit beamformer 12 may gener-
ate impulse excitations or electrical waveforms for gen-
erating acoustic energy to cause displacement. Electrical
waveforms for acoustic radiation force impulses are gen-
erated. In alternative embodiments, a different transmit
beamformer is provided for generating the impulse exci-
tation. The transmit beamformer 12 causes the transduc-
er 14 to generate pushing pulses or acoustic radiation
force impulse pulses. In other embodiments, a probe
housing or other device is used to apply stress to the
tissue of the patient.

[0064] The transducer 14 is an array for generating
acoustic energy from electrical waveforms. For an array,
relative delays focus the acoustic energy. A given trans-
mit event corresponds to transmission of acoustic energy
by different elements at a substantially same time given
the delays. The transmit event may provide a pulse of
ultrasound energy for displacing the tissue. The pulse is
an impulse excitation or tracking pulse. Impulse excita-
tion includes waveforms with many cycles (e.g., 500 cy-
cles) but that occurs in a relatively short time to cause
tissue displacement over a longer time. A tracking pulse
may be B-mode transmission, such as using 1-5 cycles.
The tracking pulses are used to scan a region of a patient
undergoing a change in stress.

[0065] The transducer 14 is a 1-, 1.25-, 1.5-, 1.75- or
2 dimensional array of piezoelectric or capacitive mem-
brane elements. Awobbler array may be used. The trans-
ducer 14 includes a plurality of elements for transducing
between acoustic and electrical energies. Receive sig-



13 EP 2 889 004 B1 14

nals are generated in response to ultrasound energy
(echoes) impinging on the elements of the transducer
14. The elements connect with channels of the transmit
and receive beamformers 12, 16. Alternatively, a single
element with a mechanical focus is used.

[0066] The receive beamformer 16 includes a plurality
of channels with amplifiers, delays, and/or phase rota-
tors, and one or more summers. Each channel connects
with one or more transducer elements. The receive
beamformer 16 is configured by hardware or software to
apply relative delays, phases, and/or apodization to form
one or more receive beams in response to each imaging
or tracking transmission. Receive operation may not oc-
cur for echoes from the impulse excitation used to dis-
place tissue. The receive beamformer 16 outputs data
representing spatial locations using the receive signals.
Relative delays and/or phasing and summation of signals
from different elements provide beamformation. In alter-
native embodiments, the receive beamformer 16 is a
processor for generating samples using Fourier or other
transforms.

[0067] Thereceive beamformer 16 may include afilter,
such as a filter for isolating information at a second har-
monic or other frequency band relative to the transmit
frequency band. Such information may more likely in-
clude desired tissue, contrast agent, and/or flow informa-
tion. In another embodiment, the receive beamformer 16
includes a memory or buffer and a filter or adder. Two or
more receive beams are combined to isolate information
atadesired frequency band, such as a second harmonic,
cubic fundamental or other band.

[0068] In coordination with the transmit beamformer
12, the receive beamformer 16 generates data repre-
senting a three-dimensional region at different times. Af-
ter the acoustic impulse excitation, the receive beam-
former 16 generates beams representing locations along
a plurality of lines at different times. By scanning the re-
gion of interest with ultrasound, data (e.g., beamformed
samples) is generated. By repeating the scanning, ultra-
sound data representing the region at different times after
the impulse excitation is acquired.

[0069] The receive beamformer 16 outputs beam
summed data representing spatial locations. Data for lo-
cations for a volume (e.g., voxels) are output. Dynamic
focusing may be provided. The data may be for different
purposes. For example, different scans are performed
for B-mode or tissue data than for elasticity. Alternatively,
the B-mode data is also used to determine elasticity. As
another example, data for shear imaging are acquired
with a series of shared scans, and B-mode or Doppler
scanning is performed separately or using some of the
same data. The ultrasound or echo data is from any stage
of processing, such as beamformed data before detec-
tion or data after detection.

[0070] Theprocessor 18isaB-mode detector, Doppler
detector, pulsed wave Doppler detector, correlation proc-
essor, Fourier transform processor, application specific
integrated circuit, general processor, control processor,
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image processor, field programmable gate array, graph-
ics processing unit, digital signal processor, analog cir-
cuit, digital circuit, combinations thereof or other now
known or later developed device for detecting and
processing information for display from beamformed ul-
trasound samples.

[0071] In one embodiment, the processor 18 includes
one or more detectors and a separate processor. The
separate processor is a control processor, general proc-
essor, digital signal processor, application specific inte-
grated circuit, field programmable gate array, network,
server, group of processors, graphics processing unit,
data path, combinations thereof or other now known or
later developed device for anatomy identification, anat-
omy motion tracking, elasticity estimation, and account-
ing for undesired motion in the elasticity estimation. At-
tenuation, shear modulus, shear viscosity, or one or more
other properties of shear wave propagation may be es-
timated. The processor 18 generates a three-dimension-
al representation as an elasticity image. For example,
the separate processor is configured by hardware and/or
software to perform any combination of one or more of
the acts 32-44 shown in Figure 1.

[0072] The processor 18 is configured to estimate tis-
sue displacement induced by the acoustic impulse exci-
tation or other stress. Using correlation, tracking, motion
detection, or other displacement measuring, the amount
of shift in position of the tissue is estimated. The estima-
tion is performed multiple times through a period, such
as from prior to the tissue moving due to stress to during
stress or after the tissue has mostly or completely re-
turned to a relaxed state (e.g., recovered from the stress
caused by the impulse excitation). Alternatively, a single
shift is estimated. Differences in shift of the tissue be-
tween locations indicate relative stiffness or elasticity.
[0073] The processor 18 is configured to identify anat-
omy or one more locations of an anatomical landmark.
For example, anatomy spaced from a region of applica-
tion of stress is identified. Due to the spacing, the anat-
omy may be less susceptible to motion or change caused
by the stress but still susceptible to other causes of mo-
tion or change. The processor 18 is configured to track
the motion of the anatomy, such as a tissue boundary,
different organ than being examined for elasticity, vessel,
diaphragm, bone, tissue directly attached to bone, orfluid
filled chamber. The change in position of the anatomy is
used to represent undesired sources of change in elas-
tography.

[0074] The processor 18 is configured to estimate elas-
ticity values. Phase change detection, correlation, dis-
placement determination, peak identification, velocity
calculation, stress measures, stress attenuation, and/or
other processes may be used to estimate elasticity. The
processor 18 is configured to account for the undesired
motion in the estimation. The motion of the anatomy is
removed, suppressed, or corrected in the echo data prior
to estimating displacements and elasticity values with
the echo data. Alternatively or additionally, total motion
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or change is determined as part of estimating elasticity
values. The undesired motion is then subtracted from the
motion, resulting in motion more likely due to the stress.
[0075] The processor 18 is configured to generate one
or more images. For example, a shear wave velocity im-
age is generated. Other elastography images may be
generated, such as a shear modulus, strain, or strain rate
image. The elastography image is presented as an over-
lay or region of interest within a B-mode image. The elas-
ticity values modulate the color at locations in the region
of interest. Where the elasticity value is below a thresh-
old, B-mode information may be displayed without mod-
ulation by the elasticity value.

[0076] The image is a three-dimensional rendering or
a planar reconstruction. The distribution of elasticity val-
ues in a volume is used to render to a display. A three-
dimensional representation shows the elasticity values.
For example, a rotating perspective display is shown.
Using maximum intensity projection, regions or locations
associated with stiffer soft tissue are displayed more
opaquely. Bone or other tissue above a level of stiffness
may be masked.

[0077] The processor 18 operates pursuant to instruc-
tions stored in the memory 22 or another memory for
three-dimensional elasticity ultrasound imaging. The
memory 22 is a non-transitory computer readable stor-
age media. The instructions for implementing the proc-
esses, methods and/or techniques discussed herein are
provided on the computer-readable storage media or
memories, such as a cache, buffer, RAM, removable me-
dia, hard drive or other computer readable storage me-
dia. Computer readable storage media include various
types of volatile and nonvolatile storage media. The func-
tions, acts or tasks illustrated in the figures or described
herein are executed in response to one or more sets of
instructions stored in or on computer readable storage
media. The functions, acts or tasks are independent of
the particular type of instructions set, storage media,
processor or processing strategy and may be performed
by software, hardware, integrated circuits, firmware, mi-
cro code and the like, operating alone or in combination.
Likewise, processing strategies may include multiproc-
essing, multitasking, parallel processing, and the like. In
one embodiment, the instructions are stored on a remov-
able media device for reading by local or remote systems.
In other embodiments, the instructions are stored in a
remote location for transfer through a computer network
or over telephone lines. In yet other embodiments, the
instructions are stored within a given computer, CPU,
GPU or system.

[0078] The display 20 is a CRT, LCD, projector, plas-
ma, or other display for displaying two-dimensional im-
ages or three-dimensional representations. The two di-
mensional images represent spatial distribution in an ar-
ea, such as a plane reconstructed from data representing
a volume. The three-dimensional representations are
rendered from the data representing spatial distribution
inavolume. Thedisplay 20 is configured by the processor
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18 or other device by input of the signals to be displayed
as an image. The display 20 displays an image repre-
senting elasticity for different locations in a region of in-
terest.

Claims

1. A method for elasticity ultrasound imaging, the meth-
od comprising:

acquiring (30), with an ultrasound system, first
ultrasound data for a three-dimensional region
of tissue including the soft tissue for which elas-
ticity imaging is being performed, the first ultra-
sound data comprising voxels representing dif-
ferent locations distributed along three axes in
the three-dimensional region at a first time;
acquiring (30), with the ultrasound system, sec-
ond ultrasound data for the three-dimensional
region, the second ultrasound data comprising
voxels representing the different locations dis-
tributed along the three axes in the three-dimen-
sional region at a second time different than the
first time;

identifying (32) an anatomical landmark of the
three-dimensional region and representedin the
first and second ultrasound data;;

determining (34) motion of the anatomical land-
mark from the first time to the second time;
estimating (36) elasticity in the three-dimension-
al region from the first and second ultrasound
data;

motion correcting (38) in the estimating (36) of
elasticity in the three-dimensional region from
the first and second ultrasound data, the motion
correcting (38) being a function of the motion of
the anatomical landmark; and

displaying (44) a three-dimensional representa-
tion of the elasticity in the three-dimensional re-
gion,

wherein the elasticity ultrasound imaging is ac-
quired by the ultrasound system with compres-
sion or acoustic radiation force;

wherein the anatomical landmark represents a
structure less susceptible to the compression or
a wave resulting from the acoustic radiation
force than the soft tissue.

2. The method of claim 1 wherein acquiring (30) the
firstand second ultrasound data comprises scanning
the three-dimensional region while the three-dimen-
sional region is subjected to a change in tissue de-
formation.

3. The method of claim 2 wherein scanning comprises
scanning while the three-dimensional region is sub-
jected to a longitudinal or shear wave, wherein esti-
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mating (36) comprises estimating (36) tissue re-
sponse to the longitudinal or shear wave, and where-
in displaying (44) comprises generating the three-
dimensional representation as a longitudinal or
shear wave image.

The method of claim 2 wherein scanning comprises
scanning while the three-dimensional region is sub-
jected to different pressures, wherein estimating (36)
comprises estimating (36) the tissue response to the
different pressures, and wherein displaying (44)
comprises generating the three-dimensional repre-
sentation as a strain image.

The method of claim 1 wherein acquiring (30) the
first and second ultrasound data comprise acquiring
(30) with the first and second times being within a
tissue response period to an applied stress.

The method of claim 1 wherein identifying (32) the
anatomical landmark comprises identifying (32) the
voxels representing a bone, tumor, or cyst.

The method of claim 1 wherein identifying (32) the
anatomical landmark comprises identifying (32) vox-
els representing the anatomical landmark and
grouping the voxels identified as representing the
anatomical landmark.

The method of claim 1 wherein determining (34) the
motion comprises motion tracking the anatomical
landmark, the motion being a three-dimensional dis-
placement vector for each voxel of the anatomical
landmark.

The method of claim 1 wherein determining (34) the
motion comprises determining (34) a rigid or non-
rigid transform of the anatomical landmark between
the first and second times.

The method of claim 1 wherein estimating (36) com-
prises determining (34) a phase change between the
first and second ultrasound data for each of the vox-
els.

The method of claim 1 wherein estimating (36) com-
prises determining (34) a displacement between the
first and second times of the soft tissue in the three-
dimensional region for each of a plurality of voxels.

The method of claim 1 wherein motion correcting
(38) comprises motion correcting (40) the second
ultrasound data relative to the first ultrasound data
for voxels not representing the anatomical landmark
and representing the soft tissue prior to estimating
(36) the elasticity from the first and second ultra-
sound data.
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The method of claim 1 wherein estimating (36) com-
prises estimating (36) displacement motion between
the first and second times for each of a plurality of
the voxels, and wherein motion correcting (38) com-
prises removing (42) the motion of the anatomical
landmark from the displacement motion.

The method of claim 1 wherein motion correcting
(38) comprises motion correcting (38) the voxels for
tissue different than the anatomical landmark based
on a model of motion from the motion of the anatom-
ical landmark.

A non-transitory computer readable storage medium
having stored therein data representing instructions
executable by a programmed processor (18) of an
ultrasound system for elasticity ultrasound imaging,
the storage medium comprising instructions for:

acquiring (30), with the ultrasound system, first
ultrasound data for a three-dimensional region
of tissue including the soft tissue for which elas-
ticity imaging is being performed, the first ultra-
sound data comprising voxels representing dif-
ferent locations distributed along three axes in
the three-dimensional region at a first time;
acquiring (30), with the ultrasound system, sec-
ond ultrasound data for the three-dimensional
region, the second ultrasound data comprising
voxels representing the different locations dis-
tributed along the three axes in the three-dimen-
sional region at a second time different than the
first time;

identifying (32) an anatomical landmark of the
three-dimensional region and representedin the
first and second ultrasound data;;

determining (34) motion of the anatomical land-
mark from the first time to the second time;
estimating (36) elasticity in the three-dimension-
al region from the first and second ultrasound
data;

motion correcting (38) in the estimating (36) of
elasticity in the three-dimensional region from
the first and second ultrasound data, the motion
correcting (38) being a function of the motion of
the anatomical landmark; and

displaying (44) a three-dimensional representa-
tion of the elasticity in the three-dimensional re-
gion,

wherein the elasticity ultrasound imaging is ac-
quired by the ultrasound system with compres-
sion or acoustic radiation force;

wherein the anatomical landmark represents a
structure less susceptible to the compression or
a wave resulting from the acoustic radiation
force than the soft tissue.

The non-transitory computer readable storage me-
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dium of claim 15 wherein tracking (34) comprises
classifying first locations in the volume as represent-
ing the anatomy and second locations in the volume
as not representing the anatomy, grouping the first
locations, and tracking motion of the grouped first
locations.

The non-transitory computer readable storage me-
dium of claim 15 wherein motion correcting (38) com-
prises accounting for the displacement in locations
not representing the anatomy.

The non-transitory computer readable storage me-
dium of claim 15 wherein motion correcting (38) com-
prises suppressing (40) the displacementin the echo
data prior to calculating the elasticities.

The non-transitory computer readable storage me-
dium of claim 15 wherein motion correcting (38) com-
prises subtracting (42) the displacements from mo-
tion determined as part of estimating (36).

A method for elasticity ultrasound imaging, the meth-
od comprising:

three-dimensional elasticity imaging (36), by an
ultrasound system, with compression or acous-
tic radiation force; and

removing (42), by a processor (18), motion other
than caused by the compression or a wave re-
sulting from the acoustic radiation force, the mo-
tion removed being a function of the motion of
an anatomical landmark structure which is less
susceptible to the compression or the wave than
the soft tissue for which the three-dimensional
elasticity imaging is being performed.

Patentanspriiche

1.

Verfahren zur Elastizitatsultraschallbildgebung, wo-
bei das Verfahren umfasst:

Erfassen (30) von ersten Ultraschalldaten fir ei-
ne dreidimensionale Region von Gewebe ein-
schlieRlich des Weichgewebes, fiir das Elastizi-
tatsbildgebung durchgefihrt wird, mit einem Ul-
traschallsystem, wobei die ersten Ultraschallda-
ten Voxel umfassen, die unterschiedliche Orte
reprasentieren, die entlang drei Achsen in der
dreidimensionalen Region zu einer ersten Zeit
verteilt sind;

Erfassen (30) von zweiten Ultraschalldaten fir
die dreidimensionale Region mit dem Ultra-
schallsystem, wobei die zweiten Ultraschallda-
ten Voxel umfassen, die die unterschiedlichen
Ortereprasentieren, die entlang der drei Achsen
in der dreidimensionalen Region zu einer zwei-
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ten Zeit, die sich von der ersten Zeit unterschei-
det, verteilt sind;

Identifizieren (32) einer anatomischen Leitstruk-
tur derdreidimensionalen Region, und die inden
ersten und zweiten Ultraschalldaten reprasen-
tiert wird;

Bestimmen (34) von Bewegung der anatomi-
schen Leitstruktur von der ersten Zeit zu der
zweiten Zeit;

Schéatzen (36) der Elastizitat in der dreidimensi-
onalen Region aus den ersten und zweiten Ul-
traschalldaten;

Korrigieren der Bewegung (38) in der Schatzung
(36) der Elastizitat in der dreidimensionalen Re-
gion aus den ersten und zweiten Ultraschallda-
ten, wobei die Bewegungskorrektur (38) eine
Funktion der Bewegung einer anatomischen
Leitstruktur ist; und

Anzeigen (44) einer dreidimensionalen Darstel-
lung der Elastizitat in der dreidimensionalen Re-
gion,

wobei die Elastizitatsultraschallbildgebung
durch das Ultraschallsystem mit Kompression
oder akustischer Strahlungskraft erfasst wird;
wobeidie anatomische Leitstruktur eine Struktur
reprasentiert, die hinsichtlich der Kompression
oder einer Welle, die aus der akustischen Strah-
lungskraft resultiert, weniger empfanglich ist als
das Weichgewebe.

Verfahren nach Anspruch 1, wobei Erfassen (30) der
ersten und zweiten Ultraschalldaten umfasst, dass
die dreidimensionale Region gescannt wird, wah-
rend die dreidimensionale Region einer Anderung
der Gewebeverformung ausgesetzt wird.

Verfahren nach Anspruch 2, wobei Scannen um-
fasst, dass gescannt wird, wahrend die dreidimen-
sionale Region einer Langswelle oder Scherwelle
ausgesetzt wird, wobei Schéatzen (36) umfasst, dass
die Gewebereaktion auf die Langswelle oder Scher-
welle geschéatzt (36) wird, und wobei Anzeigen (44)
umfasst, dass die dreidimensionale Darstellung als
Langswellen oder Scherwellenbild generiert wird.

Verfahren nach Anspruch 2, wobei Scannen um-
fasst, dass gescannt wird, wahrend die dreidimen-
sionale Region unterschiedlichen Driicken ausge-
setzt wird, wobei Schatzen (36) umfasst, dass die
Gewebereaktion auf unterschiedliche Driicke ge-
schatzt (36) wird, und wobei Anzeigen (44) umfasst,
dass die dreidimensionale Darstellung als Deh-
nungsbild generiert wird.

Verfahren nach Anspruch 1, wobei Erfassen (30) der
ersten und zweiten Ultraschalldaten umfasst, dass
die ersten und zweiten Zeiten beim Erfassen (30)
innerhalb einer Gewebereaktionsperiode auf eine
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angewendete mechanische Spannung liegen.

Verfahren nach Anspruch 1, wobei Identifizieren (32)
der anatomischen Leitstruktur umfasst, dass die Vo-
xel, die einen Knochen, Tumor oder eine Zyste re-
prasentieren, identifiziert (32) werden.

Verfahren nach Anspruch 1, wobei Identifizieren (32)
der anatomischen Leitstruktur umfasst, dass Voxel
identifiziert (32) werden, welche die anatomische
Leitstruktur reprasentieren, und die Voxel gruppiert
werden, die als die anatomische Leitstruktur repra-
sentierend identifiziert wurden.

Verfahren nach Anspruch 1, wobei Bestimmen (34)
derBewegung umfasst, dass die Bewegung derana-
tomischen Leitstruktur verfolgt wird, wobei die Be-
wegung ein dreidimensionaler Verschiebungsvektor
fur jedes Voxel der anatomischen Leitstruktur ist.

Verfahren nach Anspruch 1, wobei Bestimmen (34)
der Bewegung umfasst, dass eine starre oder nicht-
starre Transformation der anatomischen Leitstruktur
zwischen der ersten und der zweiten Zeit bestimmt
(34) wird.

Verfahren nach Anspruch 1, wobei Schatzen (36)
umfasst, dass ein Phasenwechsel zwischen den
ersten und zweiten Ultraschalldaten fir jedes der Vo-
xel bestimmt (34) wird.

Verfahren nach Anspruch 1, wobei Schatzen (36)
umfasst, dass eine Verschiebung von dem Weich-
gewebe zwischen der ersten und der zweiten Zeit in
der dreidimensionalen Region fiir jedes von einer
Vielzahl von Voxeln bestimmt (34) wird.

Verfahren nach Anspruch 1, wobei Bewegungskor-
rektur (38) umfasst, dass die zweiten Ultraschallda-
ten relativ zu den ersten Ultraschalldaten fiir Voxel,
welche die anatomische Leitstruktur nicht reprasen-
tieren und das Weichgewebe reprasentieren, bewe-
gungskorrigiert (40) werden, bevor die Elastizitat aus
den ersten und zweiten Ultraschalldaten geschatzt
(36) wird.

Verfahren nach Anspruch 1, wobei Schatzen (36)
umfasst, dass die Verschiebungsbewegung zwi-
schen der ersten und der zweiten Zeit fiir jedes von
einer Vielzahl der Voxel geschéatzt (36) wird, und wo-
bei Bewegungskorrektur (38) umfasst, dass die Be-
wegung der anatomischen Leitstruktur aus der Ver-
schiebungsbewegung entfernt (42) wird.

Verfahren nach Anspruch 1, wobei Bewegungskor-
rektur (38) umfasst, dass die Voxel fiir Gewebe, das
sich von der anatomischen Leitstruktur unterschei-
det, basierend auf einem Bewegungsmodell von der
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Bewegung der anatomischen Leitstruktur bewe-
gungskorrigiert (38) werden.

Nicht-flichtiges computerlesbares Speichermedi-
um, auf dem Daten gespeichert sind, die Anweisun-
genreprasentieren, die durch einen programmierten
Prozessor (18) eines Ultraschallsystems fir Elasti-
zitatsultraschallbildgebung ausfiihrbar sind,

wobei das Speichermedium Anweisungen umfasst
zum:

Erfassen (30) von ersten Ultraschalldaten fir ei-
ne dreidimensionale Region von Gewebe ein-
schlief3lich des Weichgewebes, fir das Elastizi-
tatsbildgebung durchgefiihrt wird, mit einem Ul-
traschallsystem, wobei die ersten Ultraschallda-
ten Voxel umfassen, die unterschiedliche Orte
reprasentieren, die entlang drei Achsen in der
dreidimensionalen Region zu einer ersten Zeit
verteilt sind;

Erfassen (30) von zweiten Ultraschalldaten fir
die dreidimensionale Region mit dem Ultra-
schallsystem, wobei die zweiten Ultraschallda-
ten Voxel umfassen, die die unterschiedlichen
Orte reprasentieren, die entlang der drei Achsen
in der dreidimensionalen Region zu einer zwei-
ten Zeit, die sich von der ersten Zeit unterschei-
det, verteilt sind;

Identifizieren (32) einer anatomischen Leitstruk-
tur derdreidimensionalen Region, und die inden
ersten und zweiten Ultraschalldaten reprasen-
tiert wird;

Bestimmen (34) von Bewegung der anatomi-
schen Leitstruktur von der ersten Zeit zu der
zweiten Zeit;

Schéatzen (36) der Elastizitat in der dreidimensi-
onalen Region aus den ersten und zweiten Ul-
traschalldaten;

Korrigieren der Bewegung (38) in der Schatzung
(36) der Elastizitat in der dreidimensionalen Re-
gion aus den ersten und zweiten Ultraschallda-
ten, wobei die Bewegungskorrektur (38) eine
Funktion der Bewegung einer anatomischen
Leitstruktur ist; und

Anzeigen (44) einer dreidimensionalen Darstel-
lung der Elastizitat in der dreidimensionalen Re-
gion, wobei

die Elastizitatsultraschallbildgebung durch das
Ultraschallsystem mit Kompression oder akus-
tischer Strahlungskraft erfasst wird;

wobeidie anatomische Leitstruktur eine Struktur
reprasentiert, die hinsichtlich der Kompression
oder einer Welle, die aus der akustischen Strah-
lungskraft resultiert, weniger empfanglich ist als
das Weichgewebe.

Nicht-flichtiges computerlesbares Speichermedi-
um nach Anspruch 15, wobei Verfolgen (34) um-
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fasst, dass erste Orte in dem Volumen als die Ana-
tomie reprasentierend und zweite Orte in dem Volu-
men als die Anatomie nicht reprasentierend klassi-
fiziert werden, die ersten Orte gruppiert werden, und
die Bewegung der gruppierten ersten Orte verfolgt
wird.

Nicht-flichtiges computerlesbares Speichermedi-
um nach Anspruch 15, wobei Bewegungskorrektur
(38) umfasst, dass die Verschiebung bei Orten, wel-
che die Anatomie nicht reprasentieren, berlicksich-
tigt wird.

Nicht-flichtiges computerlesbares Speichermedi-
um nach Anspruch 15, wobei Bewegungskorrektur
(38) umfasst, dass die Verschiebung in den Echo-
daten unterdrickt (40) wird, bevor die Elastizitaten
berechnet werden.

Nicht-flichtiges computerlesbares Speichermedi-
um nach Anspruch 15, wobei Bewegungskorrektur
(38) umfasst, dass die Verschiebungen von Bewe-
gung subtrahiert (42) werden, die als Teil des Schat-
zens (36) bestimmt wurde.

Verfahren zur Elastizitatsultraschallbildgebung, wo-
bei das Verfahren umfasst:

dreidimensionale Elastizitatsbildgebung (36)
durch ein Ultraschallsystem mit Kompression
oder akustischer Strahlungskraft; und
Entfernen (42) von Bewegung, die anders als
jene ist, die durch die Kompression oder eine
Welle bewirkt wird, die aus der akustischen
Strahlungskraft resultiert, durch einen Prozes-
sor (18), wobei die entfernte Bewegung eine
Funktion der Bewegung einer anatomischen
Leitstrukturist, die hinsichtlich der Kompression
oder der Welle weniger empfanglich ist als das
Weichgewebe, fir welches die dreidimensiona-
le Elastizitatsbildgebung durchgefiihrt wird.

Revendications

1.

Procédé d’imagerie par ultrasons d’élasticité, le pro-
cédé comprenant :

I'acquisition (30), avec un systeme a ultrasons,
de premieres données ultrasonores pour une ré-
gion tridimensionnelle de tissu comprenant le
tissu mou pour lequel une imagerie d’élasticité
est effectuée, les premiéres données ultrasono-
res comprenant des voxels représentant diffé-
rents emplacements répartis le long de trois
axes dans la région tridimensionnelle a un pre-
mier moment ;

I'acquisition (30), avec le systéme a ultrasons,
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de secondes données ultrasonores pour la ré-
gion tridimensionnelle, les secondes données
ultrasonores comprenant des voxels représen-
tant les différents emplacements distribués le
long des trois axes dans la région tridimension-
nelle a un second moment différent du premier
moment ;

I'identification (32) d’'un point de repére anato-
mique de la région tridimensionnelle et repré-
senté dans les premiéres et secondes données
ultrasonores ;

la détermination (34) du mouvement du pointde
repére anatomique entre le premier moment et
le second moment ;

I'estimation (36) de I'élasticité dans la région tri-
dimensionnelle a partir des premiéres et secon-
des données ultrasonores ;

la correction de mouvement (38) dans I'estima-
tion (36) de I'élasticité dans la région tridimen-
sionnelle a partir des premiéeres et secondes
données ultrasonores, la correction de mouve-
ment (38) étant fonction du mouvement du point
de repére anatomique ; et

I'affichage (44) d’'une représentation tridimen-
sionnelle de I'élasticité dans la région tridimen-
sionnelle, 'imagerie par ultrasons de I'élasticité
étant acquise par le systéeme a ultrasons avec
une force de compression ou de rayonnement
acoustique ;

le repere anatomique représentant une structu-
re moins sensible a la compression ou a une
onde résultant de la force de rayonnement
acoustique que le tissu mou.

Procédé selon la revendication 1, I'acquisition (30)
des premiéres et secondes données ultrasonores
comprenant le balayage de la région tridimension-
nelle alors que la région tridimensionnelle est sou-
mise a un changement de déformation du tissu.

Procédé selon la revendication 2, le balayage com-
prenant le balayage pendant que la région tridimen-
sionnelle est soumise a une onde longitudinale ou
de cisaillement, I'estimation (36) comprenant I'esti-
mation (36) de la réponse du tissu a I'onde longitu-
dinale ou de cisaillement, et I'affichage (44) compre-
nantla génération de la représentation tridimension-
nelle en tant qu'image d’'onde longitudinale ou de
cisaillement.

Procédé selon la revendication 2, le balayage com-
prenant le balayage pendant que la région tridimen-
sionnelle est soumise a différentes pressions, I'esti-
mation (36) comprenant I'estimation (36) de la ré-
ponse du tissu aux différentes pressions, et I'afficha-
ge (44) comprenant la génération de la représenta-
tion tridimensionnelle en tant qu’'image de déforma-
tion.
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Procédé selon la revendication 1, I'acquisition (30)
des premiéres et secondes données ultrasonores
comprenant I'acquisition (30) avec les premier et se-
cond moments étant dans une période de réponse
du tissu a une contrainte appliquée.

Procédé selon la revendication 1, I'identification (32)
du repere anatomique comprenant l'identification
(32) des voxels représentant un os, une tumeur ou
un kyste.

Procédé selon la revendication 1, I'identification (32)
du repere anatomique comprenant l'identification
(32) des voxels représentant le repére anatomique
et le regroupement des voxels identifiés comme re-
présentant le repére anatomique.

Procédé selon la revendication 1, la détermination
(34) du mouvement comprenant le suivi du mouve-
ment du repére anatomique, le mouvement étant un
vecteur de déplacement tridimensionnel pour cha-
que voxel du repére anatomique.

Procédé selon la revendication 1 la détermination
(34) du mouvement comprenant la détermination
(34) d’'une transformation rigide ou non rigide du re-
pére anatomique entre les premier et second mo-
ments.

Procédé selon la revendication 1 I'estimation (36)
comprenant la détermination (34) d’'un changement
de phase entre les premiéres et secondes données
ultrasonores pour chacun des voxels.

Procédé selon la revendication 1 I'estimation (36)
comprenant la détermination (34) d’'un déplacement
entre les premier et second moments du tissu mou
dans la région tridimensionnelle pour chacun d’'une
pluralité de voxels.

Procédé selon la revendication 1, la correction de
mouvement (38) comprenant la correction de mou-
vement (40) des secondes données ultrasonores
par rapport aux premiéres données ultrasonores
pour les voxels ne représentant pas le repere ana-
tomique et représentant le tissu mou avant d’estimer
(36) I'élasticité a partir des premiéres et secondes
données ultrasonores.

Procédé selon la revendication 1, I'estimation (36)
comprenant I'estimation (36) du mouvement de dé-
placement entre les premier et second moments
pour chacund’une pluralité de voxels, etla correction
de mouvement (38) comprenant la suppression (42)
du mouvement du repéere anatomique du mouve-
ment de déplacement.

Procédé selon la revendication 1, la correction de
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mouvement (38) comprenant la correction de mou-
vement (38) des voxels pour un tissu différent du
repére anatomique sur la base d’'un modéle de mou-
vement a partir du mouvement du repere anatomi-
que.

Support de stockage non transitoire lisible par ordi-
nateur dans lequel sont stockées des données re-
présentant des instructions exécutables par un pro-
cesseur programmé (18) d’'un systéme a ultrasons
pour 'imagerie par ultrasons d’élasticité, le support
de stockage comprenant des instructions pour :

I'acquisition (30), avec le systéme a ultrasons,
de premiéres données ultrasonores pour une ré-
gion tridimensionnelle de tissu comprenant le
tissu mou pour lequel une imagerie d’élasticité
est réalisée, les premiéres données ultrasono-
res comprenant des voxels représentant diffé-
rents emplacements répartis le long de trois
axes dans la région tridimensionnelle a un pre-
mier moment ;

I'acquisition (30), avec le systéme a ultrasons,
de secondes données ultrasonores pour la ré-
gion tridimensionnelle, les secondes données
ultrasonores comprenant des voxels représen-
tant les différents emplacements distribués le
long des trois axes dans la région tridimension-
nelle a un second moment différent du premier
moment ;

I'identification (32) d’'un point de repére anato-
mique de la région tridimensionnelle et repré-
senté dans les premiéres et secondes données
ultrasonores, ;

la détermination (34) du mouvement du pointde
repére anatomique entre le premier moment et
le second moment ;

I'estimation (36) de I'élasticité dans la région tri-
dimensionnelle a partir des premieres et secon-
des données ultrasonores ;

la correction de mouvement (38) dans I'estima-
tion (36) de I'élasticité dans la région tridimen-
sionnelle a partir des premieres et secondes
données ultrasonores, la correction de mouve-
ment (38) étant fonction du mouvement du point
de repére anatomique ; et

I’'affichage (44) d’'une représentation tridimen-
sionnelle de I'élasticité dans la région tridimen-
sionnelle, 'imagerie par ultrasons de I'élasticité
étant acquise par le systéeme a ultrasons avec
une force de compression ou de rayonnement
acoustique ;

le repere anatomique représentant une structu-
re moins sensible a la compression ou a une
onde résultant de la force de rayonnement
acoustique que le tissu mou.

Support de stockage lisible par ordinateur non tran-
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sitoire selon la revendication 15, le suivi (34) com-
prenant la classification de premiers emplacements
dans le volume comme représentant I'anatomie et
de seconds emplacements dans le volume comme
ne représentant pas I'anatomie, le regroupement
des premiers emplacements, et le suivi du mouve-
ment des premiers emplacements regroupés.

Support de stockage lisible par ordinateur non-tran-
sitoire selon la revendication 15, la correction de
mouvement (38) comprenant la prise en compte du
déplacement dans des emplacements ne représen-
tant pas I'anatomie.

Support de stockage lisible par ordinateur non tran-
sitoire selon la revendication 15, la correction de
mouvement (38) comprenant la suppression (40) du
déplacement dans les données d’écho avant de cal-
culer les élasticités.

Support de stockage lisible par ordinateur non tran-
sitoire selon la revendication 15, la correction de
mouvement (38) comprenant la soustraction (42)
des déplacements du mouvement déterminé dans
le cadre de I'estimation (36).

Procédé d'imagerie par ultrasons de I'élasticité, le
procédé comprenant :

limagerie de I'élasticité tridimensionnelle (36),
par un systeme a ultrasons, avec une force de
compression ou de rayonnementacoustique ; et
la suppression (42), parun processeur (18), d’'un
mouvement autre que celui provoqué par la
compression ou une onde résultant de la force
de rayonnement acoustique, le mouvement
supprimé étant fonction du mouvement d’'une
structure de repere anatomique qui est moins
sensible a la compression ou a I'onde que le
tissu mou pour lequel I'imagerie de I'élasticité
tridimensionnelle est réalisée.
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